INTRODUCTION
In the northern part of Scandinavia (Finland, Sweden, Norway), the Baltics (Estonia, Latvia, Lithuania), Northern United States and Canada, as well as in certain parts of Japan and Europe, snow and ice cover the soil surface during the winter season. In northern Finland, this is usually between November and April, and in southern Finland, between December and March. One of the main challenges facing cities located in these areas is the maintenance of their roadway systems to provide safe winter driving conditions. All highways, public roads and streets are, naturally, kept open for traffic throughout the year by sweeping away snow. In order to prevent slippery conditions and to improve tyre-road friction, salt and abrasive traction sand are applied to roadways as anti-icing and anti-skid agents during all winter months when the weather conditions require it although studded tyres are also commonly used (Kupiainen et al. 2003) . In general, the term "traction sand" refers to sand and gravel (stones), which are used to increase the level of friction for vehicular traffic on icy and snowy highways, roads and streets during winter.
In the spring, when the snow and ice have melted and the roadways have dried, the deployed traction sand is collected along the roadways as part of the road maintenance operations. This is done as soon as possible, because the grinding of traction sand into finer particles is reported to be one of the non-exhaust emission sources generating so-called "road dust", which contributes to the deterioration of air quality in the form of particulate matter (PM 2.5 /PM 10 ) in urban areas (Norman et al. 2016) . Therefore, after winter, used traction sand creates storage and disposal problems unless cost-effective alternatives are identified and implemented for its management. It is usually deposited in landfill sites, which means that the life-cycle of this aggregate is only one winter season.
Traction sand is usually contaminated and needs to be chemically analysed for harmful substances before any re-use options can be contemplated. Inorganic and organic contaminants associated with traction sand particles as well as in road dust, are derived from various emission sources and are in addition dependent on factors such as weather, traffic characteristics, soil characteristics and other land-use related activates in the proximity (Mummullage et al. 2016) . Used traction sand is classified as a waste, because it may include heavy metals and organic compounds, which may cause environmental contamination during the re-use of this residue. Therefore, prior to any reuse of this residue, information on the total and leachable (extractable) concentrations of heavy metals and other potentially harmful substances has to be obtained in order to determine if its usage is environmentally safe.
Leaching tests are widely used for assessing the release potential of heavy metals, hydrocarbons and other substance for example from car park dust and from road-deposited sediments as well as from various types of industrial by-products (ashes, mine tailings, steel slag), recycled materials (asphalt, construction and demolition waste) and waste materials (drilling waste, waste rock), used for different civil engineering purposes for roads, bicycle lanes or pavements construction (Filgueiras et al. 2002) . Leaching tests can provide useful information for environmental decision-making, because they give information about the release potential of harmful substances from the sample matrix, which is needed to assess the mobility, bioavailability and toxicity of the recycled material. This study looks at the characteristics and potential utilization aspects of used traction sand as an earth construction material and the legal implication of such usage based on the requirements of Finnish national legislation on certain wastes in earth construction (MARA-regulation).
BACKGROUND

Overview of the Finnish MARA-regulation
In Finland, the utilization of wastes in earth construction is to be promoted through the Government Decree of 843/2017 on the recovery of certain wastes in earth construction. This statutory Decree is the so-called MARA-regulation and came into force on 1. 1.2018 1. (Finlex 2017 . The goal of the MARA-regulation is to reduce the regulatory burden of waste permitting. If the waste material fulfils the scope of the MARA-regulation, an environmental permit is not needed, and the material is allowed to be used as an earth construction material in roadways and roads including forest roads, in field and in embankment structures, and in the floor structure of industrial and storage buildings. However, a notification must be made to the State Supervisory Authority, which is the local Centre for Economic Development, Transport and Environment (ELY-Centre).
Waste materials which are included in the scope of MARA-regulation are: (1) crushed concrete, lightweight concrete and expanded clay aggregate waste, (2) fly ash from the combustion of coal, peat and wood-based material, bottom ash and sands from fluidized beds, (3) crushed brick, (4) asphalt chippings or crushed asphalt, (5) treated slag from waste combustion, (6) foundry sand, (7) lime, (8) whole tyres and shredded tyres and, (9) waste removed from a structure. The MARA-regulation sets limit values for the leachable (L/S 10 L/kg, water as extractant) concentrations of certain heavy metals (Sb, As, Ba, Cd, Cr, Cu, Pb, Mo, Ni, Se, Zn, V, Hg), chloride, fluoride, sulphate, and DOC (dissolved organic carbon), as well as for the total concentrations of benzene, TEX (toluene, ethylbenzene and xylene), naphthalene, PAHs (polycyclic aromatic hydrocarbons), phenolic-and PCBs (polychlorinated biphenyls) compounds, as well as for petroleum hydrocarbons in the range of C 10 -C 40 . The limit values for these substances vary depending on the purpose of use of each recovered waste material.
Requirements are also set for the maximum thickness of a waste layer at earth construction sites, and depending on the site, either the covering or paving of the waste layer to protect a structure may be needed. The minimum distance of the structural layer from groundwater or a waterbody is also regulated. The MARA-regulation sets quality requirements for example to the maximum permitted granular size in treated waste combustion slag, the largest permitted lump size for concrete, lightweight concrete and asphalt waste as well as for largest permitted lump size for brick waste. Furthermore, the maximum weight of non-water-buoyant foreign material such as wood, rubber or metal in concrete chippings and crushed bricks is restricted as well as the maximum weight of materials that are lighter than water such as plastics and insulation materials in these recycled materials, too. However, in all cases, wastes which are reused at earth construction sites have to meet technical and functional requirements as well as the conditions of the site-specific plans set by the project developer. A detailed review of the requirement of the MA-RA-regulation as well as the EU waste codes for waste materials, which are included in the scope of application, can be found at the Finlex Data Bank, which is an online public service database of up-to-date legislative and other juridical information of Finland (Finlex 2017).
MATERIALS AND METHODS
Sampling and pre-treatment of the traction sand
The traction sand investigated in this study is a composite sample collected from 10 traction sand stockpiles located throughout the city of Kemi (65°44'N, 24°35'E), a city of ca. 21,600 inhabitants located on the coast of the Bay of Bothnian, Northern Finland. These stockpiles are temporary storage sites for the traction sand that has been mechanically collected from along the roadways, before it is transported to a landfill disposal area. The typical average annual temperature in the region is between 1-3°C, and the annual precipitation 450-550 mm with a relatively high proportion coming in the form of snow. Snow covers the study area for 150-200 days a year, usually between November and April.
Ten (10) subsamples with a total weight of 5 kg each were collected from each stockpile. Thus, the total amount of traction sand collected in this study is 50 kg. The samples were collected on 27 April 2018 and placed into polyethylene bottles. Prior to any chemical and physical analyses, coarse branches, leaves and other extraneous materials were sieved out, the traction sand material was homogenized and crushed to obtain a particle size below 2 mm diameter. All physical and chemical analyses, except the sieving analyses, were determined using the above-mentioned crushed particles (<2 mm). In order to avoid the possible oxidation of some minerals, we carried out all chemical analyses using the sample as such instead of drying (Kosson et al. 2002) . A coning and quartering method was applied repeatedly to reduce the composite traction sand sample (50 kg) to a size suitable for the laboratory analysis.
Determination of the physical and chemical properties
To determine the mineralogical composition of the traction sand, an X-ray diffractogram of powdered sample was obtained with a Siemens D 5000 diffractometer (Siemens AG, Karlsruhe, Germany) using CuKα radiation. The scan was run from 5° to 80° (2-theta scale) with increments of 0.02° and a counting time of 1.0 second per step. The operating conditions were 40 kV and 40 mA. Peak identification was carried out with the DIFFRACplus BASIC Evaluation Package PDFMaint 12 (Bruker axs, Germany) and ICDD PDF-2 Release 2006 software package (Pennsylvania, USA).
For the determination of the particle size distribution, the traction sand was dry sieved on an automatic sieve shaker (Retsch Virbo, Haan, Germany) through stainless-steel sieves using a stack of nested sieves (DIN 4188, Retsch 5657, Haan, Germany) with the following particle size fractions (in mm): >2, 2-1, 1-0.5, 0.5-0.25, 0.25-0.125, 0.125-0.075 and <0.075. The weight of each fraction was recorded and the percent distribution of weight in each fraction was calculated.
The pH of the traction sand was determined by a pH/EC analyser equipped with a Thermo Orion Sure Flow pH electrode (Turnhout, Belgium). The determination of pH was carried out according to European standard SFS-EN 13037 at a solid-to-liquid (ultrapure water) ratio of 1:5. Determination of the dry matter content (DMC) of the traction sand was carried out according to European standard SFS-EN 12880. The organic matter content, as measured by the loss-on-ignition (LOI), was determined according to European standard SFS-EN 12879. A comprehensive review of the standards and analytical methods is given elsewhere (Kilpimaa et al. 2013 ).
Determination of the total metal concentrations
To determine the total metal concentrations in the used traction sand, the dried sample was digested with aqua regia (9 mL HCl + 3 mL HNO 3 ) in a CEM Mars 5 microprocessor-controlled microwave oven with CEM HP 500 Teflon vessels (CEM Corp., Matthews, USA) using European standard SFS-EN 13657. This digestion method is accepted by the Finnish environmental authorities for the determination of total metal concentration in environmental samples (Kaakinen 2016) .
The cooled solution was transferred to a 100 mL volumetric flask and diluted to volume with ultrapure water. All reagents and acids were super pure or pro analysis quality. Except for Hg, the total element concentrations in the traction sand were determined with a Thermo Fisher Scientific iCAP6500 Duo (United Kingdom) inductively coupled plasma optical emission spectrometer (ICP-OES). The concentration of Hg in the traction sand was determined with a cold-vapour method using a Perkin Elmer AAnalyst 700 atomic absorption spectrometer (Norwalk, USA) equipped with a Perkin Elmer FIAS 400 and AS 90 plus auto-sampler.
Determination of the water-soluble inorganic substances and DOC
To determine the water-soluble concentrations of metals/metalloids (Sb, As, Ba, Cd, Cr, Cu, Pb, Mo, Ni, Se, Zn, V, Hg), chloride, sulphate, fluoride and dissolved organic carbon (DOC) in the traction sand, European standard SFS-EN 12457-3 was used (Sormunen & Rantsi 2015) . This procedure is a two-stage batch test at a liquid-to-solid ratio (L/S) of 2 L/kg and 8 L/kg, with an extractant containing ultrapure water. In this procedure, the sum of the two extractable concentrations at a liquid-to-solid ratio (L/S) of 10 L/kg is compared to the maximum allowable concentrations, which determines, whether the traction sand is allowed to be utilized as an earth construction material.
The metal concentrations in the extracts were determined with a Thermo Fisher Scientific iCAP6500 Duo (United Kingdom) inductively coupled plasma optical emission spectrometer (ICP-OES). Determination of the fluoride, sulphate and chloride concentrations in the extract was carried out according to European standard SFS-EN ISO 10304-1 using a Dionex ICS 2000 ion chromatography system with conductivity detection (Dionex Corp., USA) (Kuokkanen 2013) . Determination of the DOC concentration in the extract was carried out according to European standard SFS-EN 1484 using a Leco CHN-600 analyser (Leco Inc, USA) (Gomes Correia et al. 2016 ).
Determination of the benzene and TEX compounds
To determine the concentrations of benzene and the cumulative content of TEX-compounds (toluene, ethylbenzene, xylene) in the traction sand, a modified ISO 22155 standard was used (Cocârţă et al. 2017) . In this procedure, the sample (20 g) was extracted with methanol (10 mL; including internal standard) for 30 minutes in orbital shaker. After shaking, 1 mL of extraction solution was transferred into a 20 mL headspace (HS) vial containing 10 mL of ultrapure water and about 2.5 g of NaCl. The HS bottle was closed immediately after the sample was added. The volatile organic compounds (benzene, TEX) were analysed from this fraction by the HS/GC/MS method using an Agilent G1888/7890B/5977A HS/GC/MS analyser (USA, Wilmington, Delaware). The identification and quantification of benzene and TEX-compounds were carried out using an internal standard method.
Determination of the naphthalene, PAH, PCB and petroleum hydrocarbons (C 10 -C 40 )
To determine the concentrations of naphthalene, cumulative content of PAH compounds (anthracene, acenaphthene, asenaphthylene, bentz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, phenanthrene, fluoranthene, fluorene, indeno(1,2,3-cd)pyrene, chrysene, naphthalene and pyrene), cumulative content of PCB compounds (congeners 28, 52, 101, 118, 138, 153 and 180) as well as the petroleum hydrocarbons (C 10 -C 40 ) in the traction sand, the in-house method based on standards SFS-ISO 18287 for PAHs (Paxal 2012) , USEPA 3665A for PCBs (Saitta et al. 2014 ) and SFS-EN ISO 16703 for petroleum hydrocarbons (C 10 -C 40 ) (Paxal 2012) were used.
The sample (20 g) was extracted with a mixture of hexane (10 mL) and acetone (10 mL) for 60 minutes with an orbital shaker. The hexane phase was collected after phase separation and divided for PAH, PCB and petroleum hydrocarbons (C 10 -C 40 ) determinations. Prior to analysis, the hexane phase was purified with Florisil for the determination of petroleum hydrocarbons (C 10 -C 40 ) and with sulphuric acid for the determination of PCBs. Petroleum hydrocarbons (C 10 -C 40 ) and PAHs were determined separately with GC/MS using an Agilent 5975B/6890N GC/MS analyser (USA, Wilmington, Delaware). The identification and quantification of naphthalene, PAH, PCB and petroleum hydrocarbons (C 10 -C 40 ) were carried out using an internal standard method.
Determination of the phenolic compounds
The cumulative content of phenolic compounds (phenol, o-cresol, m-cresol, p-cresol and bisphenol-A) in the traction sand were determined after extraction and derivatization as phenolic acetate using GC/MS analyser (Sinkkonen et al. 2012 ). The sample (10 g) was extracted with an alkaline extraction solution containing of 30 mL 0.1 M NaOH and 30 mL 0.1 M K 2 CO 3 in an orbital shaker for 60 minutes. The extracted phenolic compounds were then acetylated and extracted into hexane. Finally, the derived compounds in the extract were determined by GC/MS using an Agilent 5975B/6890N GC/MS (USA, Wilmington, Delaware). The identification and quantification of phenolic compounds were carried out using an internal standard method.
BCR extraction of heavy metals
For the fractionation of heavy metals in the used traction sand between the exchangeable fraction (Step 1), reducible fraction (Step 2) and oxidizable fraction (Step 3), the original three-stage BCR sequential extraction procedure was used (Adamiec 2017) . Briefly, in this extraction procedure about 5 g of traction sand was transferred to a polypropylene bottle and sequentially extracted in the following way: residue + 250 mL 1.0 M ammonium acetate (CH 3 COONH 4 , adjusted to pH 2.0 with HNO 3 ; shaking for 16 h at 25°C) after the hydrogen peroxide (50 mL 30% H 2 O 2 ) digestion (1 h at 85°C, evaporation, twice). This extraction procedure is validated and harmonized by the European Community Bureau of Reference (BCR), nowadays the European Community (EC) Standards, Measurements and Testing Programme and therefore it is in the literature known as a BCR-extraction method. The widely used abbreviation for the exchangeable fraction in Step 1 is "BCR1", correspondingly "BCR2" for the reducible fraction in Step 2 and "BCR3" for the oxidizable fraction in Step 3, which are used in this paper, too. The heavy metal concentrations in the extracts were determined with a Thermo Fisher Scientific iCAP6500 Duo (United Kingdom) inductively coupled plasma optical emission spectrometer (ICP-OES).
In order to avoid possible chemical and/or microbiological changes in the sample, the extraction was carried out using the sample as such, instead of a dried sample, since according to Kosson et al. (2002) , it is preferable to avoid sample drying before extraction. After each extraction step, the extract was separated from the solid residue by filtration through a 0.45 µm filter (47 mm diameter; Schleicher & Schuell, Dassel, Germany). After addition of 200 mL of 65% HNO 3 in the supernatant phase, it was stored in a refrigerator (+4°C) until heavy metal determination.
RESULTS AND DISCUSSION
When the potential utilization aspects for mineral wastes in different civil engineering purposes are evaluated, the key factor is whether the residues meet the requirements of the relevant environmental laws and national regulations. Therefore, in the following paragraphs of this study, we have focused on the main important chemical and especially extraction properties of the investigated traction sand from the utilization point of view, based on the regulations of Finnish environmental legislation, and especially on the MARA-regulation.
According to the Table 1 , the water extractable (L/S 10 L/kg) concentrations of inorganic contaminants, as well dissolved organic carbon (DOC) content in the traction sand were clearly lower than their corresponding limit values for recovered wastes set in the MARA-regulation. The slightly elevated DOC concentration (68 mg/kg; d.m.) is most probably due to small pieces of leaves and branches, which accumulate on street surface and pulverized by passing traffic. These were impossible to remove during the pre-treatment of the material prior any chemical analysis. Although salt is also used as a de-icing agent for main urban highways and streets in the investigated study area and elsewhere in Finland during winter maintenance when temperatures are a few degrees below freezing, the soluble chloride content in the traction sand investigated was negligible (<50 mg/kg; d.m.).
Table 1
Water extractable concentrations [mg/kg; d.m.] at a liquid-to-solid ratio of 10 L/kg of inorganic substances and dissolved organic carbon (DOC) in the used traction sand investigated in this study and their corresponding Finnish limit values [mg/kg; d.m.] for different structures at earth construction sites Furthermore, according to Table 2 , the total concentrations of organic substances in the traction sand were also clearly lower than their corresponding limit values set in the MARA-regulation. These results suggest that the traction sand is a material with the potential to be used as an earth construction agent. However, due to the fact that the traction sand material description is not included in the scope of the MARA-regulation, an environmental permit is needed if this residue is to be utilized at any construction site in roads and roadways, fields, or in the structures of embankment or industrial or storage buildings. The elevated petroleum hydrocarbons (C 10 -C 40 ) concentration of 150 mg/kg (d.m.) in the traction sand indicates possible leakages from vehicles` tanks, although they may be partly derived also from leakage lubricants, from the abrasion of road material (asphalt) and the wear of tyres.
Table 2
Total concentrations [mg/kg; d.m.] of organic substances in the used traction sand investigated in this study and their corresponding Finnish limit values [mg/kg; d.m.] for different structures at earth construction sites 
Physical and chemical properties of the traction sand
According to the X-ray diffraction (XRD) data, dolomite (CaMg(CO 3 ) 2 ), which is a carbonate mineral, was the most abundant mineral (37.6%). Other minerals observed by the XRD in this residue were silicates such as quartz (SiO 2 ; 22.7%), phlogopite (KMg 3 AlSi 3 O 10 (F,OH) 2 ); 7.0%), anorthite (CaAl 2 Si 2 O 8 ; 4.2%), albite (NaAlSi 3 O 8 ; 11.8%), microcline (KAlSi 3 O 8 ; 14.2%) and chamosite (Fe 2+ , Mg) 5 Al(AlSi 3 O 10 )(OH) 8 ; 2.5%). In this context it is worth noting that the detection limit of the XRD technique is normally 1-2% (w/w). This is the reason why all of the elements in Table 1 and Table 3 were not identified by XRD, despite the fact that the concentrations of these elements could be quantitatively measured by ICP-OES.
The water extraction of traction sand generated a neutral or slightly basic solution (pH 7.8). This is reasonable because the Mg-and Ca-bearing silicates which were observed by XRD may provide some neutralization capacity (Räisänen et al. 2010 ). According to low electrical conductivity (23 mS/m) value, it is unlikely that the used traction sand could cause salinity problems if utilized. Due to its geogenic origin, the dry matter content (DMC) in the traction sand was very high (95%) and organic matter content expressed as loss-on-ignition (LOI) value was very low (1.4%). The particles in the range between 0.5-31.5 mm in diameter accounted ca. 70% of the traction sand weight, whereas the particle smaller than 0.075 mm in diameter accounted only 4%. This result, together with the high bulk density value of 1400 kg/m 3 , indicates that the handling of traction sand as such does not cause dust problems easily.
Total metal concentrations in the traction sand
According to results in Table 3 , the highest total metal concentrations after aqua regia digestion were observed for Ca (21,767 mg/kg; d.m.) , Fe (21,034 mg/kg; d.m.), Mg (18, 567 mg/kg; d.m.), Al (8, 570 mg/kg; d.m.), K (2, 550 mg/kg; d.m.) and Na (487 mg/kg; d.m.) . If we compare the total metal concentrations in the traction sand investigated in this study to those reported by Kaila (2015) for the traction sand collected at the city of Turku, southwest Finland, the total concentration for Cr (570 mg/kg; d.m.) in this residue was clearly higher than that in Turku (45-54 mg/kg; d.m.), as too was the Ni concentration (36 mg/kg; d.m.), which varied between 17-19 mg/kg (d.w.) in Turku. However, the total concentration of Zn (36 mg/kg; d.m.) in the traction sand investigated in this study was clearly lower than that in Turku (84-100 mg/kg; d.m.). These results indicate the different origin of the traction sands used at these cities, although part of metals in the sand materials may also be contaminants derived from the road surface wear, road paint degradation, vehicle wear of tyres, body and brake linings as well as from the particulate emissions from the roadside soils (Botsou et al. 2016 ).
BCR extractable heavy metals in the traction sand
The objective of the extractions in the 3-step BCR sequential extraction procedure, which was also used in this study, is to simulate the mobilization of the heavy metals in specific environmental conditions that could affect metal-binding in the solid surfaces, such as acidification, reduction and oxidation (Rao et al. 2008) . The potential mobility and ecotoxicity of heavy metals are determined by their specific binding forms and coupled reactivity, rather than their total concentrations.
According to the results presented in Table 3, the highest extractable metal concentrations in the BCR1 fraction, in which CH 3 COOH was used as an extractant, were observed for Ca (18, 066 mg/kg; d.m.), Mg (9, 410 mg/kg; d.m.) , Fe (990 mg/kg; d.m.) and K (353 mg/mg; d.m.), following the moderate extractable concentrations of Mn (59 mg/kg; d.m.), Al (50 mg/kg; d.m.) and Na (42 mg/kg; d.m.) . In general, metals present in ionic form, bound to carbonates and the Table 3 Total (aqua regia) and BCR extractable concentrations [mg/kg; d.m.] (Ptistišek et al. 2001) . The metals which are released in this extraction step are loosely bound compounds and are considered as "potential available" for environmental point of view. This fraction represents the natural environmental effects of acidic rainwater percolation (Rodgers et al. 2015) . Carbonate minerals are easily reactive, mainly in acidic environments (Gruszecka- . Therefore, due to the acidic nature (pH 3.0) of the extractant, it is very likely that the Ca extracted in this fraction is mostly released from the dolomite (CaMg(CO 3 ) 2 ) particles in the traction sand. According to results in Table 3 , the highest extractable metal concentrations in the BCR2 fraction, in which a reducing extractant NH 2 OH-HCl in nitric acid (HNO 3 ) media was used, were observed for Ca (14,667 mg/kg; d.m.), Mg (8,020 mg/kg; d.m.), Fe (1,650 mg/kg; d.m.), Al (433 mg/mg; d.m.) and P (268 mg/kg; d.m.). In general, metals bound to amorphous iron, manganese oxides and hydroxides are released in this extraction step and they can be mobilized under suboxic and anoxic (reducing) conditions (Filgueiras et al. 2002) . From the environmental point of view, metals bound into oxide phases are not considered to be very mobile or available (Smichowski et al. 2005) . However, when incorporated with other compounds in the environment (e.g. by adsorption, desorption or ion exchange, etc.), they can be slowly released over time (Rodgers et al. 2015) . Due to the acidic nature (pH 1.5) of extractant, it is very likely that Ca extracted in this fraction is released mostly from the dolomite (CaMg(CO 3 ) 2 ) particles in the traction sand, since according to Helios Rybicka & Calmano (1988) , also hydroxylamine hydrochloride extract Ca and Mg effectively.
According to the results supplied in Table 3 , the highest extractable metal concentrations in the BCR3 fraction, in which the sample was first digested with the H 2 O 2 following the extraction with CH 3 COONH 4 , were observed for Mg (517 mg/kg; d.m.), Ca (497 mg/kg; d.m.), Fe (353 mg/kg; d.m.), Al (303 mg/kg; d.m.) and K (158 mg/kg; d.m.). In general, metals strongly attached to organic matter and oxidizable minerals such as sulphides and phosphates are released in this extraction step (Rocco & Rubio 2009 ). Heavy metals in this fraction are assumed to remain within the solid matrix and are mobilized after a significant period of time, usually by the decomposition of organic matter (Rodgers et al. 2015) . In our case, the extractability of P was only 16 mg/kg (d.m.) in this fraction, which is ca. 4.4% of the phosphorous total concentration (363 mg/kg; d.m.). According to Gruszecka--Kosowska & Mikoda (2015) , it is crucial to know the dissolved forms of phosphorous, because if released from the sample matrix, it may cause eutrophication during the reuse of recycled materials.
In this study, the BCR extraction procedure released calcium more effectively from the sample matrix than did the aqua regia alone. This together with the fact that the lithium tetraborate (Li 2 B 4 O 7 ) alkaline fusion digestion gave the Ca concentration of 41,000 mg/kg (d.m.) for the investigated traction sand, which is ca. 1.9 times higher than the value of 21,767 mg/kg (d.m.) reported in Table 3 after aqua regia digestion, supports the findings of Gaudino et al. (2007) that aqua regia digestion provides only a "partial" extraction for most rock forming elements and elements of a refractory nature.
If we disregard the heavy metals whose concentrations were lower than the detection limits, then according to Table 3 , the lowest total extractability (sum of extraction steps 1-3) compared to the corresponding total element concentration (aqua regia digestion) in the traction sand was observed for Al (9.2 %) and the highest for Ca (153%). In this context it is also worth noting that Tokalioğlu et al. (2003) observed higher heavy metal recoveries for highways soil samples using the BCR sequential extraction than when aqua regia digestion was used. However, although certain metals were relatively easy to release from the sample matrix using the BCR extraction, based on the recovery values in Table 3 , which express the ratios of elements BCR extractable concentration to their total element concentration, we conclude that most heavy metals in the traction sand investigated were relatively tightly bound to the sample matrix supporting the further utilization of this residue.
